INTRODUCTION {#sec1-1}
============

Infectious diseases are the primary cause of death, representing about 50% of all the human deaths in tropical countries \[[@ref1]\]. The is due to decreasing efficacy of the antimicrobial chemotherapy because of the emergence of drug-resistant pathogens especially in developing countries where poverty and ignorance are high among the populace and basic health facilities are inadequate \[[@ref2]\]. The range of these emerging infectious diseases such as methicillin-resistant *Staphylococcus aureus* (MRSA), *Vancomycin resistant enterococci* (VRE) and the prevalence of drugs resistant *Pseudomonas aeruginosa* are threats to public health around the world \[[@ref1]\]. This situation calls for an urgent need to identify new or complementary antimicrobial agents from natural sources to combat the resistant pathogens \[[@ref3]\]. This screening of plant extracts or plant products for bioactive agents have shown potentials for new compounds or templates for new antibiotics \[[@ref4],[@ref5]\]. It is desirable to evaluate our indigenous herbal plants as sources of bioactive compounds for drug discovery.

*Anisopus mannii* N.E. Br. (family Asclepiadaceae), is a perennial herb currently used in the traditional medicinal preparations of Northern Nigeria. Different parts of the plant are used as a remedy for diabetes \[[@ref6]\], pile, diarrhea and other infectious diseases (Personal communication). The plant is locally known as "kashe zaki" in Hausa language. Previously, the proximate composition, mineral elements and anti-nutritional factors of *A. mannii* were reported \[[@ref7]\]. The phytochemical and antimicrobial screening of the stem aqueous extract \[[@ref8]\], the analgesic and anti-inflammatory studies of methanol leaf extract \[[@ref9]\] as well as the isolation of chemical constituents such as 1, 7-naphthyridine alkaloid- named anisopusin, 5-hydroxy-lup-20(29)-en-3-yl eicosanoate, 6-gingerdione, 6-dehydrogingerdione and ferulic acid from acetone extract of the stem bark have been reported \[[@ref10]\]. However, no previous phytochemical or biological studies on the non-polar constituents of *A. mannii* have been reported. Thus, the need to evaluate the lipophilic components is imperative to validate the use of the plant as traditional phytomedicine. It is unarguable that bioactive constituents of medicinal plants are widely distributed between polar and non-polar regions \[[@ref11],[@ref12]\]. Because *A. mannii* leaf is the commonly used recipe for infectious disease treatment in Northern Nigeria; we investigated the chemical composition using gas chromatography-mass spectrometry (GC-MS) and antimicrobial effects of hexane extract on some standard, clinical susceptible and resistant strains of human pathogenic microorganisms with had not been reported hitherto.

MATERIALS AND METHODS {#sec1-2}
=====================

Plant Material {#sec2-1}
--------------

The leaves of *A. mannii* were collected in February, 2011 in Zaria, Kaduna State, Nigeria. It was taxonomically authenticated by Umar Shehu Galla of the Herbarium Unit, Department of Biological Sciences Ahmadu Bello University Zaria, Nigeria. A specimen (Voucher No. 217) was deposited there. The leaves were air-dried for 2 weeks and pulverized to powder using pestle and mortar.

Extraction {#sec2-2}
----------

The pulverized plant sample (120 g) was extracted with hexane (750 ml) by simple percolation on a shaker (Labcon, South Africa) for 24 h. The extract was filtered using Whatman filter paper No. 2, and concentrated on a rotary evaporator (Büchi Rota vapor R-124) at 40°C to give 12.5 g of the crude hexane extract.

GC-MS {#sec2-3}
-----

The GC-MS analyses was carried out on an Agilent Technologies (6890 Series) GC coupled with a (5973 Series) Mass Selective Detector. It was equipped with an Agilent HP-5MS capillary column (0.25 µm film thickness) with dimensions 30 m (length) × 0.25 µ I.D). The sample ionization energy of 70eV for GC-MS detection was used. Helium was used as the carrier gas at a pressure of 60 kPa, with the oven temperature programming at 100°C (for 2 min) to 280°C (for 30 min) at a ramping rate of 4°C per min. A 2.0 µl diluted sample was manually injected while the injection temperature was 280°C with a split ratio of 1:50. The system software was driven by Agilent Chemstation software. The relative percentage of each component was calculated by comparing its average peak to the total areas. The identification of the various compounds was carried out by comparison of their mass spectra with those of authentic samples or those obtained from isolated pure compounds in our laboratory. The NIST/NBS 2005 mass spectral database of the GC-MS system was also used to identify some compounds whose structures were confirmed by published data \[[@ref13]\].

Test Organisms {#sec2-4}
--------------

The standard strains of organisms such as: *Staphylococcus aureus* NCTC 6571*, Escherichia coli* NCTC 10418*, Salmonella typhi* ATCC 9184*, Pseudomonas aeruginosa* NCTC 6750 and clinical isolates including MRSA, VRE, *Bacillus cereus*, *Streptococcus pyogenes, Enterococcus faecalis, Candida tropicalis, Candida stellatoidea, Candida krusei* and *Candida albicans* used in this study were obtained from the Department of Microbiology, Ahmadu Bello University Teaching Hospital (ABUTH), Shika. The isolates were purified on nutrient agar (OXOID) plates and characterized using standard microbiological and biochemical procedures as previously described \[[@ref14],[@ref15]\].

Determination of Antibacterial and Antifungal Activities {#sec2-5}
--------------------------------------------------------

The disc diffusion method was used \[[@ref16]\]. Stock solution (100 mg/mL) of the hexane extract was prepared using methanol. Disc (6 mm diameter) were prepared using Whatman filter paper and sterilized by autoclaving. The blank sterile discs were placed on the inoculated Mueller Hinton Agar (OXOID) surface and impregnated with 15 µL of stock solutions (300 µg/dics). The plates were incubated at 37°C for 24 h. Standard antibiotic discs were used as positive control: Sparfloxacin (Himedica Laboratories, India) (100 µg/dics) for bacteria and Fluconazole (Saga Laboratories, India) (30 µg/dics) for fungal species. All tests were performed in duplicate, and the antimicrobial activity was expressed as the mean diameter of inhibition zones (mm) produced by the extracts.

Determination of Minimum Inhibitory Concentration (MIC) {#sec2-6}
-------------------------------------------------------

MIC was carried out using micro broth dilution in accordance with National Committee for Clinical Laboratory Standards \[[@ref17]\]. Serial dilution of sample extract was prepared between 0.1 mg/ml and 6.50 mg/ml concentration. The tests tubes were inoculated with the suspension of the standardized inocula and incubated at 37°C for 24 h. MICs were recorded as the lowest concentration of the extract showing no visible growth of the broth.

Determination of Minimum Bactericidal/Fungicidal Concentrations (MBC/MFC) {#sec2-7}
-------------------------------------------------------------------------

MBC/MFC were determined by aseptically inoculating aliquots of culture from MIC tubes that showed no growth, on sterile nutrient agar plates and incubating at 37°C for 48 h. MBC/MFC were recorded as the lowest concentration of the extract showing no bacterial growth.

RESULTS {#sec1-3}
=======

The studies of the active principles in the hexane leaf extract of *A. mannii* by GC-MS analysis showed the presence of 32 compounds. The active principles with their retention time (RT) and percent relative composition are presented in [Table 1](#T1){ref-type="table"}. The results of the antimicrobial activity of the hexane leaf extract are presented in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}
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DISCUSSION {#sec1-4}
==========

The use of *A. mannii* leaf extracts in the traditional treatment of some infectious diseases had prompted us to investigate the antimicrobial activity and subsequently, the chemical composition of the extract was investigated using GC-MS as a first step towards understanding the nature of bioactive principles. In traditional medicine, *A. mannii* recipes are prepared as aqueous concoction or taken in powdered form with milk (Personal communication) for different remedies. Plant extracts contain both polar and non-polar components. Thus the phytochemical analysis of non-polar portion is desirable to validate the use as effective phytomedicine against the microbial infections.

Because hexane is non-polar, it was used to extract lipophilic components that have been determined to be largely fatty acid methyl esters (FAME) with hydrocarbons and terpenes as traces. Terpenoids volatile components of essential oil were not detected; they are obtainable from fresh plant samples using a Clevenger hydro distillation technique. Thus, the chemical composition of *A. mannii* hexane leaf extract is an aggregate mixture of fat soluble compounds of different structural motifs driven by lipophilicity of the solvent. These compounds vary in content or composition from plant to plant due to environmental or genetic factors \[[@ref18]\].

The hexane extract demonstrated good *in vitro* antimicrobial profile especially against MRSA, *S. faecalis, S. pyogenes, B. cereus* and *P. aeruginosa* which are known to cause infections that are extremely difficult to treat due to multiple drugs resistance. Furthermore, the extract showed potent activity against both Gram-positive and Gram-negative bacteria, as well as different species of fungi. These findings could indicate that the extract had broad-spectrum antimicrobial effects against a wide range of infectious agents that could be the basis for the folkloric use of the plant. However, it is noteworthy that the test extract showed better antimicrobial activity on *B. cereus* (29 mm)*, S. pyogenes* (28 mm)*, E. faecalis* (27 mm) and MRSA (25 mm). Previous antibacterial studies on the stem-bark aqueous extract of *A. mannii* showed higher MIC values of 50 mg/ml (indicating low activity) for *S. aureus, S. pyogenes* and *P. aeruginosa* \[[@ref8]\] when compared to our findings in which the MIC of the hexane extract for *S. aureus* and *P. aeruginosa* was 1.25 mg/ml with *S. pyogenes* having 0.625 mg/ml \[[Table 3](#T3){ref-type="table"}\]. This indicates the potency of the lipophilic hexane extract of *A. mannii* due to the compounds identified.

FAME have been studied in relation to antibacterial activity and the structural properties, including carbon chain length, unsaturation, esterification and functional groups have enormous influences on the activity \[[@ref19]\]. Hexadecanoic acid, ethyl ester (34%), oxirane, hexadecyl (11%) and 9, 12, 15-octadecatrienoic acid, ethyl ester, (Z, Z, Z) (9.6%) are the major constituents identified in the hexane leaf extract. Some of the minor constituents identified are heptadecane, 9-octyl (3.3%), ethyl tetracosanoate (2.6%) and phytol (2.0%). The 32 compounds identified represent 73.8% of the extract. Among the detected major phytochemicals, hexadecanoic acid ethyl ester (palmitic acid ethyl ester) is a neutral lipid soluble form of palmitic acid. Interestingly, the antimicrobial activity of this compound has been reported and subsequently proposed to be the main bioactive antimicrobial agent identified in the ethyl acetate extract of marine *Burkholderia cepacia* \[[@ref20]\]. Furthermore, the other major compound detected in the extract, oxirane tetradecyl has been identified as one of the bioactive antimicrobial compounds of the red algae *Laurencia brandenii* and *Senecio pedunculatus* \[[@ref21],[@ref22]\]. In another study, the leaf extract of *Andrographis peniculata* demonstrated strong antimicrobial, antioxidant and anticancer activities, which were attributed, in part, to 9, 12, 15-octadecatrienoic acid, ethyl ester, (Z, Z, Z) \[[@ref23]\]. However, the antimicrobial activity could probably be accentuated by synergy effects of the different chemical components of the extracts \[[@ref24]\].

CONCLUSION {#sec1-5}
==========

This is the first report on the chemical composition and antimicrobial activity of hexane extract of *A. mannii* leaf. The findings validate the folkloric use of the plant against infectious agents and identified some chemical entities such as hexadecanoic acid ethyl ester, oxirane, tetradecyl and 9, 12, 15-octadecatrienoic acid, ethyl ester, (Z, Z, Z), which have acted perhaps synergistically for the enhanced antimicrobial activity.
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